Development of tailor-made collagen-glycosaminoglycan matrices: EDC/NHS crosslinking, and ultrastructural aspects.
The many biocharacteristics of glycosaminoglycans (GAGs) make them valuable molecules to be incorporated in collagenous biomaterials. To prepare tailor-made collagen-GAG matrices with a well-defined biodegradability and (bioavailable) GAG content, the crosslinking conditions have to be controlled. Additionally, the ultrastructural location of GAGs in engineered substrates should resemble that of the application site. Using chondroitin sulfate (CS) as a model GAG, these aspects were evaluated. The methodology was then applied for other GAGs. CS was covalently attached to collagen using 1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide (EDC) and N-hydroxysuccinimide (NHS). A maximum of about 155 mg CS/g matrix could be immobilized. CS incorporation and bioavailability, as evaluated by interaction with specific antibodies and glycosidases, was dependent on the molar ratio EDC:carboxylic groups of CS. The denaturation temperature could be modulated from 61 to 85 degrees C. The general applicability of EDC/NHS for immobilizing GAGs was demonstrated with dermatan sulfate, heparin, and heparan sulfate. These matrices revealed comparable physico-chemical characteristics, biodegradabilities, and preserved bioavailable GAG moieties. At the ultrastructural level, GAGs appeared as discrete, electron-dense filaments, each filament representing a single GAG molecule. Distribution was independent of GAG type. They were observed throughout the matrix fibers and at the outer sites, and located, either parallel or orthogonally, at the periphery of individual collagen fibrils. Compositional and ultrastructural similarity between matrices and tissue structures like cartilage and basement membranes can be realized after attachment of specific GAG types. It is concluded that EDC/NHS is generally applicable for attachment of GAGs to collagen. Modulation of crosslinking conditions provides matrices with well-defined GAG contents, and biodegradabilities. Ultrastructural similarities between artificially engineered scaffolds and their possible application site may favor the use of specific collagen-GAG matrices in tissue engineering.